Evidence suggests that the histone deacetylase, SIRT1, is a mediator of life span extension by calorie restriction; however, SIRT1 may paradoxically increase the risk of cancer. To better understand the relationship among SIRT1, energy balance, and cancer, two experiments were done. First, a transgenic mouse model of prostate cancer (transgenic adenocarcinoma of mouse prostate; TRAMP) was used to determine the role of energy balance on SIRT1 expression and the effect of cancer stage on SIRT1 and hypermethylated in cancer-1 (HIC-1). Second, immunohistochemistry was done on human prostate tumors to determine if SIRT1 was differentially expressed in tumor cells versus uninvolved cells. Results show that SIRT1 is not increased in the dorsolateral prostate (DLP) of calorierestricted mice during carcinogenesis. In contrast, when examined in the DLP as a function of pathologic score, SIRT1 was significantly elevated in mice with poorly differentiated adenocarcinomas compared with those with less-advanced disease. HIC-1, which has been shown to regulate SIRT1 levels, was markedly reduced in the same tumors, suggesting that a reduction in HIC-1 may be in part responsible for the increased expression of SIRT1 in prostatic adenocarcinomas. Furthermore, immunostaining of human prostate tumors showed that cancer cells had greater SIRT1 expression than uninvolved cells. In conclusion, DLP SIRT1 expression from calorie-restricted mice was not altered during carcinogenesis. However, SIRT1 expression was increased in mice with poorly differentiated adenocarcinomas and in human prostate cancer cells. Because SIRT1 may function as a tumor promoter, these results suggest that SIRT1 should be considered as a potential therapeutic target for prostate cancer. [Cancer Res 2007;67(14):6612-8] 
Introduction
Calorie restriction is the only known behavioral intervention proven to extend life span and inhibit or delay carcinogenesis (1) . Evidence suggests that the class III histone deacetylase, SIRT1, may be an important mediator of life span extension by calorie restriction (2) . Specifically, SIRT1 may function to promote cell survival (3) (4) (5) via histone modifications that increase genome stability and silence gene expression and through direct interactions with several apoptotic proteins, including p53 (5), Bax (4), and members of the FOXO family of transcription factors (3) . However, recent evidence suggests that the antiapoptotic affects of SIRT1 may paradoxically increase the risk of cancer (5) (6) (7) (8) .
Several studies have shown that targeted inhibition of SIRT1 in vitro and in vivo can effectively limit cancer progression and induce apoptosis (9) (10) (11) . In addition, it has been shown that the tumor suppressor hypermethylated in cancer-1 (HIC-1), which is epigenetically silenced in many tumors, directly suppresses gene transcription of SIRT1 and that mice heterozygous for the HIC-1 gene have more frequent tumor formation than wild-type animals (8) . Moreover, high expression of SIRT1 has been reported in cancer cell lines, human tumors (breast, colon, and skin; refs. 12, 13) and in genetically modified mice (prostate and lung; refs. 8, 12) .
The fact that calorie restriction can inhibit cancer incidence and progression (1) , despite increasing SIRT1 protein content (4) , suggests that a delicate balance of SIRT1 expression exists in the cell. Therefore, we tested the effect of changes in energy metabolism on SIRT1 protein expression during carcinogenesis in a mouse model of prostate cancer [transgenic adenocarcinoma of mouse prostate (TRAMP)]. Our hypothesis was that calorierestricted mice would have greater SIRT1 expression in the dorsolateral prostate (DLP), despite having less advanced cancer (14) . However, our results show that SIRT1 levels in the DLP were numerically, although not significantly, lower in calorie-restricted TRAMP mice during the early stages of carcinogenesis compared with other experimental groups.
Because we have shown previously that this dietary intervention inhibits cancer incidence and progression in the TRAMP model (14) and that high expression of SIRT1 in tumors and cancer cells has been reported, we sought to determine if SIRT1 expression was related to cancer stage in TRAMP mice. The results of this experiment show that SIRT1 expression is significantly increased in mouse prostatic adenocarcinomas. The increase in SIRT1 associated with poorly differentiated tumors was confirmed by immunostaining, such that it was not just a function of more cells per unit weight per volume.
We then measured HIC-1 levels from the same tumors and found a marked reduction in HIC-1 expression in poorly differentiated adenocarcinomas, suggesting that a reduction in HIC-1 may be in part responsible for the increased expression of SIRT1 in poorly differentiated tumors. Furthermore, Bax expression and the Bax/ Bcl-2 ratio were significantly greater in poorly differentiated tumors from TRAMP mice, confirming that changes normally associated with cancer cells (15) were present in the tissues under investigation.
To determine if our results from the TRAMP model were applicable to human prostate cancer, we did immunohistochemical staining for SIRT1 in human prostate tumor biopsies. It was found that SIRT1 was more highly expressed in cancer cells than uninvolved cells, suggesting that our findings from the TRAMP model have relevance to the human disease. Because SIRT1 may function as a tumor promoter, these results strongly suggest that SIRT1 be considered as a potential therapeutic target for prostate cancer.
Materials and Methods
Transgenic animals. TRAMP mice on a pure C57BL/6 background were obtained from our breeding colony located at the University of Alabama at Birmingham (UAB). Transgenic females were bred with nontransgenic males, and all breeders were maintained on a standard 12L:12D photoperiod and fed standard rodent chow (Harlan Teklad, Inc.) and water ad libitum. After weaning, male pups were separated from females, and a tail biopsy was collected for determination of transgene incorporation by PCR as described previously (14, 16) . All work was approved by the Institutional Animal Care and Use Committee of the UAB.
Experimental design-6-week feeding experiment. At 6 weeks of age, TRAMP mice were singly housed at 22jC and provided ad libitum access to a phytoestrogen-free diet (AIN-76A, Harlan Teklad) for 1 week. At 7 weeks of age, mice were randomly assigned to one of five groups: control (n = 6), ad libitum fed at 27jC (AL27; n = 6), ad libitum fed at 22jC (AL22; n = 5), pair fed at 27jC (PF27; n = 6), or pair fed at 22jC (PF22, n = 6).
Mice assigned to the control group were sacrificed at baseline, and all remaining mice were randomly distributed to one of four experimental treatments (AL27, AL22, PF27, and PF22) for 6 weeks (7-13 weeks old) as described previously (14) . AL22 mice were housed at a ''normal'' ambient temperature (22jC) and given ad libitum access to food. Conversely, AL27 mice were fed ad libitum but were housed in a humidity-controlled incubator (model IS79SD, Powers Scientific, Inc.) at 27jC, a temperature that is closer to the thermoneutral zone for mice, thereby reducing the thermoregulatory demands needed to defend body temperature and hence energy expenditure (17) . We have shown previously that TRAMP mice housed at 27jC reduce their food intake by 25% to 30%, with little to no effect on body weight and composition, compared with their ad libitum-fed counterparts at 22jC (14) . PF27 mice were housed at 27jC but were fed 2.2 g/d, an amount that we have shown previously to be 95% of ad libitum food intake at 27jC for TRAMP mice (14) . PF22 mice were housed at 22jC and pair fed to PF27 mice (2.2 g/d), an amount that is f30% less than what TRAMP normally consume ad libitum at 22jC. Overall, this experimental design allowed for examining the effects of changes in food intake without changing body composition (AL27 versus AL22), changes in body composition without changing food intake (PF27 versus PF22), 5% calorie restriction (AL27 versus PF27), or f30% calorie restriction (AL22 versus PF22) on SIRT1 protein content in the DLP.
Body composition. Animals in the 6-week feeding experiment were anesthetized with isoflurane (2%) and placed in a prostrate position on the imaging plate, and body composition was assessed in vivo by dual-energy X-ray absorptiometry (GE-Lunar PIXImus, software version 1.45, GE-Lunar) 24 h before sacrifice. Fat mass, soft lean tissue mass, and percentage fat were determined as described previously (18) .
Experimental design-cancer stage and SIRT1. To assess the effect of cancer stage on SIRT1 protein content, DLP samples were used from a group in a previous study examining the role of energy balance on cancer progression (14) , in which mice were housed at 22jC and fed 2.2 g daily for 21 weeks. Tissues from these animals (PF22) were chosen because a few animals from this group had a pathologic score of 1 (normal prostate), thus providing a unique look at protein changes spanning from normal prostate to poorly differentiated adenocarcinomas.
Mouse tissue collection and Western blotting. At the conclusion of each experiment (the 6-week feeding experiment and the cancer stage and SIRT1 experiment), the DLP was rapidly collected, snap frozen in liquid nitrogen, and stored at À70jC until analysis. Frozen tissue samples were powdered by using a liquid nitrogen-cooled mortar and pestle and homogenized in an ice-cold lysis buffer [50 mmol/L Tris-HCl (pH 7.4), 150 mmol/L NaCl, 1% Triton X-100, 1% deoxycholate, 0.1% SDS, 0.5% NP40, 5 mmol/L EDTA, 100 Amol/L phenylmethylsulfonyl fluoride, 0.1 Amol/L Okadaic acid, 1 mmol/L orthovanadate, 0.5Â Protease inhibitor cocktail containing bestatin, leupeptin, and aprotinin (P2714, Sigma-Aldrich)]. Lysates were then assayed for total protein content by using the bicinchoninic acid technique with bovine serum albumin (BSA) as a standard.
For immunoblotting, 30 Ag of total protein from the DLP were loaded onto 4% to 15% gradient mini gels (Bio-Rad Laboratories) and separated by SDS-PAGE. Proteins were then semidry transferred (Trans-Blot SD, Bio-Rad Laboratories) to polyvinylidene difluoride membranes and blocked for 1 h with 2% nonfat dry milk/2% BSA at room temperature. Membranes were incubated overnight at 4jC with either a rabbit polyclonal antibody to SIRT1 (1:2,000; Upstate Biotechnology), Bcl-2 (1:1,000; BD Biosciences), Bax (1:500; Abcam), a goat polyclonal antibody to HIC-1 (1:500; Santa Cruz Biotechnology), or a mouse monoclonal antibody (mAb) to actin (1:2,000), which was obtained from the Developmental Studies Hybridoma Bank (Department of Biological Sciences, University of Iowa).
After incubation with an appropriate horseradish peroxidase-conjugated secondary antibody, bands were visualized by chemiluminescence (Super West Dura kit, Pierce Biotechnologies) in a Bio-Rad ChemiDoc imaging system, and band densitometry was done using Bio-Rad Quantity One software.
Histopathology of TRAMP mouse prostate. For the cancer stage and SIRT1 experiment, a portion of the DLP from TRAMP mice was collected for histologic analysis. Briefly, the DLP was placed in an acid-alcohol fixative containing 96% ethanol, 1% glacial acetic acid, and 3% distilled water at 4jC overnight as described by Folkvord et al. (19) . The fixed tissue was then embedded in paraffin, and 5-Am sections were mounted onto treated slides before Gomori trichrome staining.
Pathologic changes in the DLP were scored as described previously (14, 16, 20) on a 1 to 6 scale by a pathologist who was blinded to the experiment (I.A.E.). For the purposes of this study, only tissues with a pathologic score of 1 (n = 5), 3 (n = 6), or 6 (n = 6), indicating normal tissue, high-grade prostatic intraepithelial neoplasia (PIN), or poorly differentiated prostatic adenocarcinomas, respectively, were used.
Immunostaining of TRAMP mouse prostate. Immunostaining for the SIRT1 and cancer stage experiment was done on either normal prostates (pathologic score, 1), high-grade PIN lesions (score, 3), or adenocarcinomas (score, 6) from TRAMP mice (n = 4 per group). Initially, a 5-Am section of each specimen was mounted onto treated slides. Following rehydration, sections were treated with 3.0% H 2 O 2 for 5 min to quench endogenous peroxidase activity, blocked with preimmune goat serum (1%) for 20 min, and incubated with a rabbit polyclonal antibody to SIRT1 (1:200) for 1 h. A delete was included in the same run for each slide by omitting primary antibody from the staining procedure. All slides were then incubated with antirabbit link (Jackson ImmunoResearch) for 20 min followed by a biotinstreptavidin containing label (Signet) for 20 min. Finally, slides were incubated for 3 min with the substrate 3,3 ¶-diaminobenzidine (DAB) for visualization of the antigen-antibody complex and counterstained lightly with hematoxylin.
Human prostate tumor biopsies. Anonymous human prostate cancer cases (Gleason score, 6-10) were obtained from Tissue Procurement at UAB, and all procedures were approved by the UAB Institutional Review Board. All tumor samples (n = 30) were incorporated on one tissue array paraffin block in triplicate, which included cell lines (DU145, LNCaP, and MCF7), liver, tonsil, and kidney as controls.
Immunostaining of human prostate cancer cases. For immunostaining of human prostate cancer cases, 5-Am sections from the tissue array block containing all cancer cases (n = 30) in triplicate were mounted onto treated slides. Antigen retrieval was done for the detection of SIRT1 in human prostate tumors on both the slide and matched delete in 1 mmol/L EDTA (pH 8) using a pressure cooker on high steam for 10 min.
Following rehydration (Bax and Bcl-2) or antigen retrieval (SIRT1), slides were treated with 3.0% H 2 O 2 for 5 min to quench endogenous peroxidase activity and blocked with preimmune goat serum (1%) for 20 min. Sections were then incubated with either a mouse mAb to Bax (1:150; Santa Cruz Biotechnology), Bcl-2 (1:100; Roche), or a rabbit mAb to SIRT1 (1:100; Epitomics) for 1 h. A delete was included in the same run for each slide in which primary antibody was omitted from the staining procedure. Sections were then incubated with a biotin-streptavidin detection system (Signet) followed by DAB reagent for 2 min (Bax) or 7 min (SIRT1 and Bcl-2) and counterstained lightly with hematoxylin.
Evaluation of immunostaining. Immunostaining intensity of various target proteins in mouse and human prostate specimens were scored on a scale of 0 (no staining) to 4 (intense staining) by a pathologist (W.E.G.). To quantify the staining intensity of each cell type, a weighted average was obtained by multiplying the percentage of cells at each staining intensity by the intensity score. The percentage of cells positively stained was determined by calculating the percentage of cells not scored ''0'' (no staining). Because human prostate cancer cases were included in triplicate on the tissue array, the final intensity score and percentage staining for these tissues are reported as the average of three values.
Statistical analyses. Body weight, body composition, and protein content were analyzed using ANOVA and followed up with planned contrasts when appropriate. Nonparametric data were analyzed using the Kruskal-Wallis test and planned contrasts were done with the MannWhitney U test when appropriate. Spearman correlations were done on immunohistochemical markers to determine associations between variables. Outcomes were considered statistically significant when P < 0.05. All analyses were done using SPSS (version 10.0).
Results

6-Week Feeding Experiment in TRAMP Mice
Calorie-restricted mice (PF22) had less total, fat, and lean mass. No significant differences were observed for body weight or composition among groups at the beginning of the study (data not shown). Ad libitum-fed mice at 27jC (AL27) and 22jC (AL22) had similar body weight and composition after 6 weeks of treatment, and both groups had more total, fat, and lean mass than PF27 and PF22 mice (Fig. 1A-D) . The PF27 group, who were fed 95% of ad libitum food intake at 27jC, weighed less and had less fat and lean mass than both groups of ad libitum-fed mice but more than PF22 mice (P < 0.001). Furthermore, compared with their ad libitum-fed controls at 22jC (AL22), PF22 mice had f30% less body mass, 53% less fat mass, 28% less lean mass, and a resultant 5% lower percentage fat.
SIRT1 expression in mouse prostate was not increased by calorie restriction. SIRT1 protein expression was assessed by Western blot in TRAMP mice killed at baseline, or following one of four interventions for 6 weeks designed to manipulate energy expenditure and/or intake. There was no significant difference in SIRT1 expression among groups (P = 0.44; Fig. 2A ). However, SIRT1 expression was numerically, albeit not significantly, less in mice killed at baseline and PF22 mice, which consumed the least calories and were leaner and lighter than other experimental groups. In contrast, expression was notably high in some animals from the AL27, AL22, and PF27 groups.
SIRT1 and Cancer Stage in TRAMP Mice
SIRT1 was significantly increased in mouse prostatic adenocarcinomas. When the DLP from mice treated up to 21 weeks were examined by Western blot as a function of pathologic score, there was no difference in protein content between normal prostates and PIN lesions, but SIRT1 protein was 2.5-fold greater in poorly differentiated adenocarcinomas compared with those with less-advanced disease (P < 0.05; Fig. 2B ). The increase in phenotypic expression of SIRT1 in poorly differentiated tumors was confirmed by immunostaining; staining intensity was f2-fold greater in cancer cells versus luminal and basal cells from normal glands, or PIN lesions (P < 0.05; Fig. 3A-D) . There was no difference in staining intensity between luminal cells from normal prostates and PIN lesions (P = 0.99; Fig. 3A, B, and D) . However, in PIN lesions, there was a significantly greater staining intensity in luminal cells than basal cells (P < 0.05; Fig. 3B and D) , but no difference in staining intensity was observed between luminal and basal cells in normal prostates (P = 0.20; Fig. 3A and D). Figure 1 . Phenotypic characteristics of mice in the 6-wk feeding experiment assigned to one of five groups: ad libitum fed at 27jC (AL27; n = 6), ad libitum fed at 22jC (AL22; n = 5), pair fed at 27jC (PF27 ; n = 6), pair fed at 22jC (PF22 ; n = 6), or control (n = 6). Measurements were taken at baseline (data not shown) and after 6 wks of treatment for body mass (A ), fat mass (B), lean mass (C ), and percentage fat (D ). Columns, mean; bars, SE. Different letters (a-d ) denote a significant difference between groups, such that groups not sharing a similar letter are significantly different from each other (P < 0.05).
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Cancer Res 2007; 67: (14 HIC-1 was reduced, but Bax and the Bax/Bcl-2 ratio were increased in mice with prostatic adenocarcinomas. Western blots indicated that HIC-1 protein content was significantly reduced in prostatic adenocarcinomas compared with normal prostates and high-grade PIN lesions (P < 0.05; Fig. 4A ). In contrast, Bax was increased by f7-fold in the same tumors (pathologic score, 6) compared with those with normal prostates (pathologic score, 1) or high-grade PIN lesions (pathologic score, 3; P < 0.01; Fig. 4B ). Bcl-2 was numerically decreased 53% in poorly differentiated tumors (pathologic score, 6) compared with normal prostates, but the main effect for group did not reach statistical significance (P = 0.48; Fig. 4C ). Consequently, the Bax/Bcl-2 ratio was greatest in poorly differentiated adenocarcinomas (P < 0.01; Fig. 4D ).
SIRT1 and Human Prostate Cancer
Frequency of SIRT1 staining was greatest in cancer cells and luminal cells. The percentage of cells that stained positive for SIRT1 in human prostate cancer cases was greatest in cancer cells Mean protein expression for SIRT1 in the DLP from experimental groups. There were no significant differences among groups (P = 0.44). B, SIRT1 protein expression in the DLP of TRAMP mice in the SIRT1 and cancer stage experiment with pathologic score of 1 (n = 5), 3 (n = 6), or 6 (n = 6), indicating normal tissue, high-grade PIN, or poorly differentiated prostatic adenocarcinoma, respectively. Representative Western blot (top ). Mean protein expression for SIRT1 in the DLP at each pathologic score (bottom ). Columns, mean; bars, SE. Different letters denote (a and b) a significant difference between groups, such that groups not sharing a similar letter are significantly different from each other (P < 0.05). Figure 3 . SIRT1 immunostaining taken at Â400 magnification in the DLP from TRAMP mice with pathologic score of 1 (n = 4), 3 (n = 4), or 6 (n = 4), indicating normal tissue, high-grade PIN, or poorly differentiated prostatic adenocarcinoma, respectively. SIRT1 staining in a normal prostate (A ), SIRT1 staining in a high-grade PIN lesion (B), and SIRT1 staining in poorly differentiated adenocarcinomas (C ); note the contrast in staining between the cancer cells and the adjacent uninvolved gland (arrow ). SIRT1 staining intensity in normal cells, PIN lesions, and tumors (D ). Different symbols represent SIRT1 staining intensity for cell types present in each specimen. Different letters (a-c ) denote a significant difference between groups, such that groups not sharing a similar letter are significantly different from each other (P < 0.05).
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www.aacrjournals.org and uninvolved luminal cells. Basal cells from the uninvolved glands had less percentage positive staining than either luminal cells or cancer cells, but all had significantly more percentage positive staining than stromal cells (P < 0.05; Fig. 5A-C) .
Intensity of staining for SIRT1 and Bax were greatest in cancer cells. Staining intensity for SIRT1 was f2-fold greater in cancer cells than luminal cells from uninvolved glands (P < 0.05; Fig. 5A, B, and D) . However, luminal cells showed greater staining intensity than basal cells or stromal cells (P < 0.05; Fig. 5A, B,  and D) . Bax immunostaining was readily detectable in cancer cells (percentage positive cells, 98.7%; staining intensity, 2.4) but was relatively undetectable in cells outside the tumor (data not shown). There was very little Bcl-2 staining observed in cancer cells (data not shown), and there was no significant relationship in cancer cells between Bax staining intensity and SIRT1 staining intensity (r = 0.21; P = 0.26) or SIRT1 staining intensity and Gleason Score (r = 0.30; P = 0.10).
Discussion
Previous studies have reported high SIRT1 protein expression in human cancers (12, 13) , tumors from genetically altered mice (8, 12) , and in cancer cell lines (7, 21) , including lung (H1299 and NSCLC) and breast (MCF7). Conversely, one study reported a reduction in SIRT1 mRNA from colorectal tumors versus normal mucosa (22) . However, our results are the first to clearly show that greater SIRT1 protein expression is associated with cancer cells from both mouse and human prostate tumors. This suggests that high expression of SIRT1 is a common and relevant pathologic event in prostate cancer and potentially other cancers as well (8, 12, 13) .
Furthermore, the observation from the 6-week feeding experiment that SIRT1 in the DLP was not greater, and, in fact, was numerically lower in the lean-restricted mice (PF22), was intriguing because we have shown recently that cancer incidence and progression are delayed in PF22 TRAMP mice (14) . Taken together, the present finding coupled with our previous data (14) do not support the hypothesis that the cancer-preventive effects of calorie restriction in the TRAMP model involve an increased expression of SIRT1.
Additionally, our results showed diminished expression of HIC-1 in poorly differentiated tumors from TRAMP mice. HIC-1 is a tumor suppressor that has been shown to act in concert with p53 (23) but is often found to be epigenetically silenced in cancer (24, 25) due to hypermethylation of the HIC-1 promoter (26) . Indeed, it has been shown that TRAMP mice overexpress DNA methyltransferase-1 (DNMT1) in advanced tumors (27) , and increased DNMT1 activity has been linked to hypermethylation of the HIC-1 gene (26) . Furthermore, Chen et al. (8) showed that when expressed, HIC-1 forms a transcriptional repression complex with SIRT1, which can directly bind the SIRT1 promoter and suppress SIRT1 transcription. However, Hic1 +/À mice, which have reduced levels of HIC-1, frequently develop tumors and have elevated levels of SIRT1 in both normal and cancer cells (8) . Therefore, the apparent loss of HIC-1 expression in poorly differentiated tumors from TRAMP mice provides one viable explanation for the concurrent increase in SIRT1 expression.
In addition to direct evidence, reports on epigenetic changes, and specifically histone acetylation status from tumors and cancer cell lines, may provide indirect clues for a SIRT1-cancer connection. Fraga et al. (28) reported a greater loss of monoacetylation at Lys 16 and trimethylation at Lys 20 on histone 4 (H4Lys16 and H4Lys20) as a common hallmark of primary tumors and cancer cell lines compared with controls. Furthermore, Seligson et al. (29) found that among patients with low-grade prostate tumors (Gleason, <7), many patients had a substantial reduction in acetylation levels of Lys 9 on histone 3 (H3Lys9), and these individuals had greater 10-year tumor recurrence rates than those with greater H3Lys9 acetylation levels. Despite the fact that no study has directly linked these epigenetic changes to a specific enzyme(s), it is intriguing that both H3Lys9 and H4Lys16 are known targets of SIRT1 deacetylase activity (30) . Therefore, based on our data and others, it is tempting to speculate that an elevation in SIRT1 could be responsible for these observed epigenetic changes, although the potential role of other histone deacetylases and histone acetyltransferases in this context are not known.
Our results show that mouse and human prostate cancer cells are associated with elevated SIRT1 levels, and most studies suggest that SIRT1 may function as a tumor promoter via its inhibitory effects on p53, Bax-Ku70, and FOXO transcription factors (9, 11, 31) . For example, one study found that the SIRT1 inhibitor, Sirtinol, induced senescence-like growth arrest in MCF7 and lung cancer H1299 cells (11) . In addition, Chu et al. (9) reported that SIRT1 mRNA and protein levels were elevated in multidrug-resistant cell lines and tumors compared with controls. However, inhibiting SIRT1 using RNA interference was effective in reversing this resistance phenotype in cells, suggesting that inhibiting SIRT1 may improve the effectiveness of chemotherapy agents for cancer treatment (9) . Furthermore, Heltweg et al. (10) using a SIRT1 inhibitor, cambinol, induced apoptosis in BCL6-expressing Burkitt lymphoma cells and reduced tumor growth in mice with Burkitt lymphoma xenografts. Therefore, ample evidence suggests that SIRT1 may play an important role in tumor promotion.
However, not all evidence implicates SIRT1 as a tumor promoter. Yeung et al. (21) showed that in response to tumor necrosis factor-a, SIRT1 physically interacts with and deacetylates the RelA/p65 subunit of nuclear factor-nB, which can induce apoptosis rather than cell survival. In addition, Fu et al. (32) has reported recently that SIRT1 may have differing effects on androgendependent versus androgen-independent prostate cancer. Specifically, they found that SIRT1 diminishes androgen receptor (AR) expression and activity in prostate cancer cell lines, and this was reversed by addition of a SIRT1 antagonist. Furthermore, in response to SIRT1 administration, they reported substantial growth arrest in cells expressing AR but no effect in prostate cancer cells not expressing AR. Because prostate cancer can be driven by androgen-dependent or androgen-independent mechanisms, the potential effect of SIRT1 on prostate cancer, as with other cancers, is likely quite complex.
In conclusion, these data show that DLP SIRT1 protein levels from TRAMP mice were not significantly altered by calorie restriction during the early stages of carcinogenesis. However, SIRT1 was significantly increased in prostatic adenocarcinomas, which was confirmed by immunostaining, such that it was not just a function of more cells per unit weight per volume. In contrast, HIC-1 levels were markedly reduced in the same tumors, suggesting (14) . July 15, 2007 Research.
on April 14, 2017 . © 2007 American Association for Cancer cancerres.aacrjournals.org Downloaded from that a reduction in HIC-1 may be in part responsible for the increased expression of SIRT1. In addition, Bax expression and the Bax/Bcl-2 ratio were significantly greater in poorly differentiated tumors. Furthermore, immunostaining of human prostate tumors showed that cancer cells were associated with greater SIRT1 expression than uninvolved cells. Because SIRT1 may function as a tumor promoter, these results suggest that SIRT1 should be considered as a potential therapeutic target for prostate cancer.
